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ABSTRACT 
 
This paper presents a computer aided detection system to find lytic bone metastases in the spine. The CAD 
system is designed to run on routine chest and/or abdominal CT exams (5mm slice thickness) obtained 
during a patient’s evaluation for other indications. The system can therefore serve as a background 
procedure to detect bone metastases. The spine is first automatically extracted based on adaptive 
thresholding, morphological operation, and region growing. The spinal cord is then traced from thoracic 
spine to lumbar spine using a dynamic graph search to set up a local spine coordinate system. A watershed 
algorithm is then applied to detect potential lytic bone lesions. A set of 26 quantitative features (density, 
shape and location) are computed for each detection. After a filter on the features, Support Vector 
Machines (SVM) are used as classifiers to determine if a detection is a true lesion. The SVM was trained 
using ground truth segmentation manually defined by experts.  
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1. INTRODUCTION 
 
Bone metastasis occurs when cancer cells from the primary tumor relocate to the bone. Bone metastases 
can cause great morbidity including debilitating pain and pathologic fractures; spinal metastases can 
produce cord compression and severe neurologic impairment [1]. Seventy percent of bone metastases 
involve the axial skeleton (ribs, spine or sacrum), while the remainder involve long bones. Bone metastases 
have been characterized as osteolytic (lytic) or osterblastic [2]. This classification represents two extremes 
of a continuum in normal bone dys-regulation. Patients can have both types of bone metastases. Lytic 
lesions can weaken the bones and increase the risk of bone fracture and other problems. Lytic lesions are 
the focus of this investigation.  

The spinal column constitutes the central axis of the human body and is an essential part of the 
skeleton. It supports the upper body and protects the spinal cord. Early diagnosis of these spinal metastases 
is important as treatment before the development of significant morbidities improves outcomes.  Figure 1 
shows one example of lytic bone metastases in the spine.  

The main imaging techniques used to diagnose bone tumors are conventional Xrays, CT, MRI, 
and isotope bone scans. While MRI is the most used and sensitive imaging tool, CT provides the best 
resolution and specificity [3]. Tens of thousands of routine chest and abdominal CT’s are acquired every 
day to evaluate patients for various indications. These CT images are generally underutilized. Our CAD 
technique is applied to the routine CT images so that it can be used as a background procedure and report 
suspicious abnormalities to the radiologists. 
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In this paper, we introduce a novel CAD system to find lytic metastases in the spine.  Section 2 
presents the overview of our method. Section 3 presents the automated spine segmentation method. Section 
4 describes the metastasis detection and classification method. In section 5, we validate this system on a set 
of known cases and show CAD to be feasible with a reasonably low rate of false positives. Finally we 
provide some discussion in section 6. 

 

2. MATERIAL AND METHOD OVERVIEW 

Example images are shown from patients scanned using routine chest/abdominal CT protocol. The 
slice thickness was 5mm and the data set consisted of an average of 120 images. Our method has two 
stages: spine segmentation stage and bone metastases detection stage. Figure 2 shows the flow chart of our 
method. In the spine segmentation stage, first the initial segmentation is obtained, then the spinal canal is 
extracted, at the end the segmentation is refined based on the spinal canal. In the bone metastasis detection 
stage, first the potential metastasis regions are detected, then quantitative features are computed, these 
features are then passed through a filter and a classifier to determine if a detection is a true lesion. 
 
 

3. AUTOMATED SPINE SEGMENTATION 
 
Automated spine segmentation is difficult due to the articulated structure of the vertebrae and their dense 
contact with ribs and other organs, especially in the thoracic spine [4]. Bone abnormality such as metastasis 
creates holes and gaps in the vertebrae, which also complicates the segmentation. Simple methods such as 
thresholding and region growing are usually not sufficient. Due to the thick slices and partial volume effect, 
segmentation on routine CT image faces even greater challenges. 

Figure 1. Example of lytic bone metastases 
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3.1 Initial segmentation and spine localization 

Initial segmentation and spine localization is achieved by simple thresholding and region growing. Bone 
structures have higher CT value than other soft tissues. We apply a threshold of 200 HU to mask out the 
bone pixels. Then a connected component analysis is conducted on the bone mask and the largest 
connected blob in the center of the image is retained as the initial spine segmentation. A bounding box is 
computed on each slice and used as the spine window. All following operations are conducted inside the 
spine window. 
 

3.2 Spinal canal extraction  

The spinal canal links all vertebrae into a column and houses the spinal cord. On 2D slices, the spinal canal 
appears to be a low intensity oval region surrounded by vertebral structures (spinal process, vertebral body, 
pedicle and transverse processes) (Figure 3a, 3b). The extraction of the spinal canal is essential in 
accurately localizing the spine and forming the column.  

We first apply a threshold of 76 HU to extract all potential spinal canal regions within the spine 
window. A connected component analysis is conducted to generate potential spinal canal region. After that, 
a filter on the size and location is applied to each region. Figure 3b shows the canal candidates. The false 
candidates are typically bone metastasis (figure 3c) and regions caused by partial volume of inter-vertebral 
discs (figure 3d) 

To locate the true spinal canal, we propose a method based on directed graph search. We first 
build a directed acyclic graph (DAG) from the canal candidates. The DAG is illustrated in figure 4. The 
graph G(N, A) is a structure that consists of a set of nodes N and a set of directional edges E. A node is one 
canal candidate. A directional edge <n1, n2> connects two nodes n1 and n2 on adjacent slices, where the 
weight of <n1, n2> is computed as the overlap of n1 and n2, as in Equation 1. 
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